General methods
Before a representative sample of juice can be obtained from the entire tissue studied, the plant material must be treated in some manner so that the contents of all cells are represented. For (1, 6, 7, 11, 12, 21) . The work of SAYRE and MORRIS (22) with corn indicates that grinding is as effective in breaking cell walls as freezing. This is advantageous for there PLANT PHYSIOLOGY is some indication that during the freezing of tomato leaves the sucrosereducing sugar equilibrium is shifted toward an increase in reducing sugars. Substances such as nitrates, inorganic phosphates, and total sugars are expressed in like amounts in successive fractions, after a preliminary grinding of corn tissue (23). Treatment of plant material by autoclaving at five pounds per square inch for 15 minutes gives results comparable to the freezing technique (7) and similarly causes the precipitation of proteins.
For the data presented in this paper, the ordinary Nixtamal mill was used for grinding leaf samples. When samples were frozen, they were first cut and wrapped tightly in a cheese-cloth bag, exposed to carbon dioxide snow as it was formed at the end of a copper tube attached to the tank of liquid carbon dioxide. This gave rapid and complete freezing of a 100-gram sample in less than a minute. Unless (24) found that when either 52 per cent. potassium carbonate or heavy magnesium oxide was added to plant juice and the sample aspirated, there was a rapid evolution of ammonia during the first two hours but that with continued aeration ammonia continued to be given off in small amounts over a long period of time. A more satisfactory procedure for the determination of ammonia was devised by shaking juice with 2.0 ml. of sodium permutit (FOLIN) for [5] [6] [7] minutes to adsorb the ammonia, then removing the juice by washing, thus eliminating the glutamine and asparagine. Ammonia is freed from the permutit by sodium hydroxide and aspirated as usual the Van Slyke-Cullen aspiration block.
PUCHER (19) later reported that the amide nitrogen of glutamine is hydrolyzed quite readily, more easily than that of asparagine. Therefore, it is to be expected that when glutamine is present in a plant juice which is treated with an alkali such as potassium carbonate and aspirated, some of the glutamine amide nitrogen will be included with that of the preformed ammonia. It can be shown that asparagine is only slightly hydrolyzed by potassium carbonate (27).
GERDEL (11) (31) , by adjusting the hydrogen-ion concentration of the solution were able to hydrolyze glutamine in the presence of asparagine, with the inclusion of only a small amount of the latter. At pH 6.0-6.5 between 98.5 and 99.0 per cent. of glutamine amide nitrogen is hydrolyzed after two hours at 1000 C. ,-In the presence of nio-rmal sulphuric acid for three hours both amides are completely hydrolyzed. Asparagine amide nitrogen is obtained by difference on the assumption that only these two amides are present. This procedure has been applied to plant juice (27).
PUCHER (20) developed a method for the estimation of glutamine which supplements the method just described. This was based on the ethyl-acetate extraction of the pyrrolidone-carboxylic acid formed during the nearly neutral hydrolysis of glutamine. After extraction the carboxylic acid was hydrolyzed to glutamic acid. By determining amino nitrogen before and after the second hydrolysis the amount of glutamine present was calculated.
ORCUTT and WILSON (18) advocate the use of 20 per cent. sodium bisulphite to avoid humin formation which occurs during the determination of total amide by 10 per cent. sulphuric acid. It is probable that bisulphite may be used on juice samples to avoid the necessity of precipitating the protein fraction. Determinations of total amides were made on proteinfree and protein-containing juice treated with 10 per cent. sulphuric acid and 20 per cent. sodium bisulphite (table II) .
It is evident that bisulphite is sufficiently active to hydrolyze plant juice proteins so that it is necessary to remove these proteins before using this reagent; the same holds true for sulphuric acid.
DETERMINATION OF SUGARS.-The colorimetric method of FOLIN (9) using an alkaline copper tartrate oxidizing solution gives satisfactory results with plant juice (25, 26) . In the preparation of the tissue extract, freezing is not always a satisfactory method, for in some instances during this process there is a shift in the sucrose-reducing sugar equilibrium with an increase in the reducing sugars. In tomato leaf reducing sugar increased 0.13-1.70 mg. per ml. of juice. This difference is not due to sampling errors for, when a sample of plant juice expressed from ground beet leaf was divided into two portions and only one portion frozen, its reducing sugar content was increased by 0.39 mg. per ml. as compared with the unfrozen juice sample.
However, storage of corn leaves or juice from the same samples of corn leaves in a cold storage room at approximately 00 C. for a period of over a month had no effect on the sucrose-reducing sugar equilibrium (unpublished data). Grind the sample in a Nixtamal mill or freeze with solid carbon dioxide and allow to thaw. Express the juice by means of a hydraulic press and centrifuge the resulting juice. Determine total solids by the Abbe refractometer and specific gravity with a hydrometer. Dry a fresh leaf sample in an oven at 1000 C. overnight for total moisture. TOTAL SOLUBLE NITROGEN Filter plant juice through asbestos to remove all suspended material. Pipette a suitable aliquot and 1 ml. of an acid mixture3 into a large Pyrex test tube and add a glass bead. To insure the reduction of nitrate add a small amount of zinc, and heat if necessary. Heat over a small flame to complete digestion. Place the tubes in an aspiration block, make the usual connections, add 1 ml. of toluene and sufficient sodium hydroxide to make the mixture alkaline, and aspirate.
For soluble inorganic nitrogen, an alternative procedure is available (11) .
Place an aliquot in the tubes in the aspiration block, add Devarda's alloy, and then alkali, causing reduction of nitrates during the alkaline rather than the acid stage. This requires a long aspiration period. NITRATE NITROGEN (10) Pipette a juice aliquot, 1 or 2 ml., in a 100-ml. volumetric flask containing 50 ml. water and 1 or 2 ml. of 5 per cent. CuSO4 * 7 H20, mix and add a sufficient volume of saturated Ag2SO4 solution to precipitate chlorides. Finally add enough solid Ca(OH)2 MgCO3, 4+10 mixture, to precipitate excess copper. Make to volume, mix, and filter through a dry paper. Evaporate a 25-ml. aliquot of the sample to dryness. Prepare a standard by evaporating 10 ml. of a solution containing 10 p.p.m. of N from KNO3 to dryness. Add 1 ml. of phenoldisulphonic acid solution and allow to react with the nitrate. Then add water followed by sodium hydroxide until the characteristic yellow color appears. Dilute the standard and sample to 100 ml. and compare in a colorimeter.
AMMONIA NITROGEN (24) AMIDE NITROGEN (27) Pipette 5 ml. or less of the protein-and ammonia-free juice into an ammonia aspiration tube; add 1 ml. 6 N H2S04 and sufficient water, if necessary, to make the total volume 6 ml. At the same time place 10 ml. of phosphate buffer pH 6.0-6.5 in a second ammonia tube and add a suitable aliquot of the protein and ammonia-free juice. Place both tubes, fitted with stoppers containing capillary tubes, in a boiling water bath. Hydrolyze the first tube three hours for total amide nitrogen, and the second tube two hours for glutamine amide nitrogen. At the end of the period, cool the tubes, place in an aspiration block, and add 1 ml. of toluene. For total amides add 3-4 ml. of a 10 per cent. NaOH solution. To make the glutamine tube alkaline add 2 ml. of 52 per cent. K2C03. Aspirate and determine ammonium nitrogen as above. The difference between total amide nitrogen and glutamine amide nitrogen is considered to be asparagine amide nitrogen.
AMINO NITROGEN (28) Transfer a protein-and ammonia-free sample containing not more than 0.20 mg. alpha-amino nitrogen into an ammonia tube, add 1 ml. phosphoric acid ( 
